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Objective To determine the overall carriage rate forHaemophilus in£uenzae in young children in day-care
centers, the frequencyof resistance to various classes of antibiotic, and the clonal relationship between
isolates of the various resistant phenotypes.
Methods Nasopharyngeal (NP) specimens were obtained and cultured on chocolate agar with bacitracin.
Antibiotic susceptibility testing and serotypingwere performed for all isolates.The genetic polymorphism
of ampicillin-susceptible and b-lactamase-producing isolates was studied by pulsed-¢eld gel electrophoresis
using SmaI.
Results Of the 596NP secretion cultures, 152 (25.5%)were positive forH. in£uenzae. Sixty-four (42.1%)
isolates produced b-lactamase and two (1.3%)were ampicillin resistant but did not produce b-lactamase.
Wewere unable to serotype150 isolates; one isolate belonged to capsular serotype e and one to serotype f.
Forty-six majorDNApatterns were identi¢ed among 76 randomized isolates. b-lactamase producing
isolates more frequently showed EP than ampicillin-susceptible isolates P<10ÿ4.The frequencyof isolates
with EPwas signi¢cantly lower in day-care centers attended by less than 20 children than in those attended
bymore than 20 children (P 0.020).
Conclusions Resistance due to b-lactamase production has disseminated in some day-care centers, mostly
by person-to-person spread but also via the possible conjugal transfer of large plasmids between strains.The
size of day-care centers may a¡ect the risk of transmission.
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I N T R O D U C T I O N
Acute otitis media (AOM) is a common infection in early
childhood. Streptococcus pneumoniae, Haemophilus in£uenzae
and, to a lesser extent,Moraxella catarrhalis are themajor bacter-
ial causes [1]. These species are frequently isolated from the
upper respiratory tracts of children under 4 years of age [2^5],
and previous studies have suggested that there is a direct rela-
tionship in otitis media between the organisms recovered
from the nasopharynx and themiddle ear [6].
In AOM, the choice of antimicrobial agent is empirical,
based on data from continuous bacterial epidemiology moni-
toring. Resistance to antimicrobial agents in Streptococcus pneu-
moniae and H. in£uenzae, in particular, has evolved
signi¢cantly during the last 20 years. Resistance to b-lactam
antibiotics results from the production of a b-lactamase and
alteration of the antibiotic target: penicillin-binding protein
[7^9]. Treatment problems linked to the prevalence of b-lac-
tam resistance are compounded by the frequency of cross-
resistance tomanyother antibiotics [7,10^13].
Nasopharyngeal (NP) cultures are easy to perform and are
used in epidemiologic studies, especially for the continuous
epidemiologic monitoring of Streptococcus pneumoniae. In 1997,
we initiated an epidemiologic survey of H. in£uenzae in
Franche-Comte¨, in eastern France. This survey was based on
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the collection and analysis of NP specimens from children in
day-care centers. The aims of this survey were to determine
the overall carriage rate forH. in£uenzae in young children, the
frequency of resistance to various classes of antibiotic, and the
clonal relationship between isolates of the various resistant
phenotypes.
M ET H O D S A N D P O P U L A T IO N
Bacterial strains
The study was conducted from February to April 1997 in 20
day-care centers in Franche-Comte¨, a region in eastern France
with 963179 inhabitants. Informed written consent was
obtained from at least one of the parents of each participating
child. NP specimens were obtained from 13^56 children aged
from 3 to 36months at each center, accounting for at least
86% of the children attending the centers on the day of the
study. Specimens were obtained pernasally using sterile cot-
ton-tipped wooden swabs. Swabs were plated rapidly after
collection, on chocolate agar with bacitracin (Sano¢-Pasteur,
Marnes la Coquette, France). Plates were incubated for 24^48
h at 37 C in an atmosphere containing 5% CO2.We analyzed
the hemin and NAD factor requirements of H. in£uenzae
strains.H. in£uenzaewas not quantitated, because it is di¤cult
to assess the reproducibility of collection by swabbing. Only
one colony from each positive specimen was subcultured for
antibiotic susceptibility testing andmolecular epidemiology.
Susceptibility to antibiotics
Susceptibilities to ampicillin (2 mg), cefaclor, cefuroxime^
axetil, cefpodoxime, cefotaxime, ce¢xime, ceftriaxone,
amoxycillin^clavulanate, dirithromicin, trimethoprim^sul-
famethoxazole, pritinamycin, rifampicin, minocycline and
erythromycin were determined using the disk di¡usion
method (disks from Sano¢-Pasteur, except ampicillin from
Becton Dickinson, Cockeysville, MD, USA). The isolates
were classi¢ed as susceptible, intermediate or resistant accord-
ing to the criteria of the Comite¨ de l'Antibiogramme of the
`Socie¨te¨ Franc,aise de Microbiologie' [14]. Nitroce¢n disks
(ce¢nase, BioMe¨rieux, Lyon, France) were used to assess b-
lactamase production. The MICs of erythromycin and of a
mixture of erythromycin and sul¢soxazole (1: 15) were deter-
mined using the agar dilution method. The MICs of amoxy-
cillin, cefuroxime, ceftriaxone and cefpodoxime were
determined using the E-test method. The test medium used
was HTM (Unipath, Dardilly, France). The control strains
were Staphylococcus aureus ATCC 25923, Escherichia coli ATCC
25922,H. in£uenzaeATCC 49247, and a b-lactamase-negative,
ampicillin-resistant (BLNAR) H. in£uenzae strain, kindly
provided by H. Dabernat from the Centre National de Re¨fe¨r-
ence pourH. in£uenzae (France).
Serotyping
Capsule typing was carried out using 24-h subcultures, with
polyclonal antisera and antisera speci¢c for types a^f (Difco,
Detroit, MI, USA).
Molecular typing
Seventy-six isolates were randomly selected for the molecular
epidemiology study: this proportion (50%) probably gave an
accurate representation of the strains. Isolates were typed by
determination of the macrorestriction pattern of total DNA
by pulsed-¢eld gel electrophoresis (CHEF DRIII, Bio-Rad,
Hercules, CA, USA) as described by Talon et al [15]. The
restriction enzyme SmaI was used. GelCompar software
(AppliedMaths, Kortrijk, Belgium) was used to determine the
DNA similarity matrix based on the Dice coe¤cient (2-by-2
strain comparisons). The dendrogram was constructed by
UPGMA (unweighted pair-group method using arithmetic
averages). To ensure that the gels were comparable, we used
Staphylococcus aureus NCTC 8325 as a reference strain. Major
genotypes are de¢ned as those di¡ering from other genotypes
by more than three fragments, with less than 85% DNA
sequence similarity, as recommended by Struelens et al [16]
and Tenover et al [17]. Major genotypes were designated with
numerals, with each of their variants indicated by a su¤x.
DNA patterns were classi¢ed as follows [1]: epidemic patterns
(EP), patterns obtained from isolates from more than three
children [2]; unique patterns (UP), patterns obtained from the
isolates from one child; and [3] microepidemic patterns
(MEP), patterns obtained from isolates from two or three chil-
dren.
Statistical analysis
Chi-square or Fisher's exact test was used for analysis. Di¡er-
ences were considered signi¢cant if the risk awas< 0.05.
R E S U L TS
Carriage rate
Of the 596 NP secretion cultures, 426 (71.5%) were negative
forHaemophilus species, 152 were positive (25.5%) forH. in£u-
enzae, and 18 (3.0%) were positive for Haemophilus species.
There were two pathogens, Streptococcus pneumoniae and H.
in£uenzae, in the cultures obtained from 61 (10.2%) NP secre-
tions. The mean carriage rate of H. in£uenzae was 20% (from
9% to 27.6%) in 14 day-care centers, and 50% (from 36.4% to
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65%) in six day-care centers. It was 16.4% (11/67 specimens)
in day-care centers of group 1 (< 20 children, N 4), 44.7%
(59/132 specimens) in day-care centers of group 2 (20^50 chil-
dren,N 5), and 40% (34/109 specimens) in day-care centers
of group 3 (> 50 children,N 2) (P 0.00035).
Antibiotic susceptibility
Of the 152 H. in£uenzae isolates, 66 were resistant to ampicil-
lin. Of these resistant strains, 97% (N 64) produced b-lacta-
mase and 3% (N 2) were BLNAR. The frequency of b-
lactamase-producing isolates was from 0% to 80.7%, depend-
ing on the day-care center: 35.3% (6/17) in day-care centers
fromwhich less than 20 NP specimens were collected, 34.0%
(32/94) in day-care centers fromwhich 20^50 specimens were
collected, and 63.4% (26/41) in day-care centers from which
more than 50 specimens were collected (P 0.005). All iso-
lates were susceptible to cefuroxime^axetil, cefpodoxime,
cefotaxime, ce¢xime, ceftriaxone, amoxycillin^clavulanate,
pristinamycin and rifampicin. Only the two BLNAR isolates
were resistant to cefaclor (MIC 4 and 8mg/L).The frequencies
of susceptibility to dirithromycin and trimethoprim-sulfa-
methoxazole were 0% (N 0) and 90.1% (N137), respec-
tively. The 15 trimethoprim^sulfamethoxazole-resistant
isolates did not produce b-lactamase. The MICs of b-lactam
antibiotics are shown inTable1for susceptible isolates, b-lacta-
mase-producing isolates and BLNAR isolates, respectively.
The MIC of erythromycin alone was 4mg/L for 131 isolates
and 8mg/L for 21 isolates, and that of erythromycin in the
erythromycin^sul¢soxazole combination was 1 mg/L for 27
isolates and 2mg/L for125 isolates.
Serotyping
The serotypes of only two isolates were determined: one iso-
late belonged to capsular serotype e and the other to capsular
serotype f.Wewere unable to serotype the other150 isolates.
Molecular epidemiology
In total, 76 randomized isolates (from children in a total of 11
day-care centers) were typed and 46major DNApatterns were
identi¢ed (Figure 1): 30 major DNA patterns for the 42 ampi-
cillin-susceptible isolates and 16 for the 34 b -lactamase-pro-
ducing isolates.The mean numbers of isolates per major DNA
pattern were 1.40 and 2.12 for ampicillin-susceptible and b-
lactamase-producing isolates, respectively. Four epidemic pat-
terns were identi¢ed, one corresponding to ¢ve ampicillin-
susceptible isolates and the other three to 21 b-lactamase-pro-
ducing isolates (Figure 1). The frequency of b-lactamase-pro-
ducing isolates with EP was signi¢cantly higher than that of
ampicillin-susceptible isolates with EP (P<10ÿ4, RR 5.19
(2.19^12.31)).We determined the distribution of isolates with
the various types of (EP, MEP, UP) according to the number
of children attending the day-care center. In group 1 (< 20
children), all nine typed isolates were UP isolates; in group 2
(20^50 children), of the 46 typed isolates, 17 (37%) were UP,
14 (30.4%) MEP, and 15 (32.6%) EP; and in group 3 (> 50
children), of the 21 typed isolates, 10 (47.6%) were UP, and 11
(52.4%) were EP. The frequency of isolates with EP was sig-
ni¢cantly lower in day-care centers attended by less than 20
children than in those attended bymore than 20 children (P
0.020).This di¡erence was signi¢cant if MEPwere reclassi¢ed
as EPDNApatterns (P 0.0024) orUP (P 0.020).
D IS C U S S IO N
The overall carriage rate of H. in£uenzaewas similar or higher
than the rates previously reported (19^50%) for this age group
[18,19].The rate of carriage depends on socio-economic status,
season and the type of children included (whether they do or
do not attend a day-care center, and whether they are or are
not prone toAOM) [20^24].The samplingmethod used (nasal
or oropharyngeal), interval between sampling and culture and
di¡erences in culture techniques may also a¡ect the isolation
rates reported [24^26]. In this study, the interval between sam-
pling and culture was short (median of 6 h throughout the
Table 1 Range of MICs (mg/L) of b-lactam antibiotics for isolates harboring various resistant phenotypes
Susceptibility phenotype
Amoxycillina
(4±16)b
(4±8)c
Cefuroxime
(8±32)b
(4±16)c
Ceftriaxone
(4±32)b
Cefpodoxime
(1±2)b
Ampicillin susceptible 0.12±1 0.19±0.50 <0.016 0.032±0.064
b-Lactamase-producing 4±64 0.19±0.50 <0.016 0.023±0.094
BLNAR 2±4 1.5 0.016 0.125±0.25
aAmoxycillin  clavulanic acid; bBreakpoints proposed by the ComiteÂ de l'Antibiogramme of the SocieÂ teÂ FrancËaise de Microbiologie [14];
cBreakpoints proposed by the National Committee for Clinical Laboratory Standards [45].
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study period) and the survival rate of the bacteriawas probably
close to 100%.We also used the optimal culture medium.We
therefore think that the observed rate of carriage corresponds
to the true rate that could be detected by conventional culture
methods. However, recent ¢ndings based on the use of a PCR
method suggest thatH. in£uenzae is more frequently present in
NP secretions than previously reported [27].
The prevalence of b-lactamase-producing H. in£uenzae in
our study was similar to that reported for middle ear isolates
from children in Finland in 1995 [13]. Multicenter studies have
reported b-lactamase production for as many as 30% of
respiratory isolates in the USA in 1992^93 [28] and, in France,
25% of respiratory isolates in 1993 [29], 29.2% in 1997 [30],
and 39.8% of middle ear isolates in 1997 [30].The similarity of
the MICs of various cephalosporins for b-lactamase-produ-
cing isolates and ampicillin-susceptible isolates was expected,
as several studies have shown plasmid-mediated TEM-1 to be
themost frequently isolated b-lactamase, with theROB-1and
VAT-1 b-lactamases isolated less frequently [31^33]. The fre-
quency of ampicillin resistance among H. in£uenzae isolates
not producing b-lactamase was 2.27%, consistent with
reported rates [13,30].This resistance in isolation a¡ected prin-
cipally the activity of cefaclor, with lesser e¡ects on the activ-
ity of cefuroxime^axetil, ceftriaxone and cefpodoxime [34^
37], but strains with this type of resistance did not seem to
have major clinical consequences [38]. For our isolates, the
MIC of erythromycin in the erythromycin^sul¢soxazole
combination was lower than that of erythromycin alone, but
higher than the plateau level of about 1.1mg/L obtained for
samples of middle ear e¡usion [39].
Non-typable H. in£uenzae strains are genetically much
more heterogeneous than H. in£uenzae type b strains [40,41].
The dendrogram generated in this study (Figure 1) has an
extensive branching (bush-like) pattern, suggesting a freely
recombining population. A deep but limited branching (tree-
like) pattern, in contrast, suggests a typical clonal population
with limited genetic exchange [42]. Only one strain was iden-
ti¢ed as being present in more than one day-care center in the
Franche-Comte¨ region (one epidemic DNA pattern encoun-
tered in ¢ve children: one in a day-care center in town B and
four in another day-care center in town F; town B is 90 km
away from town F), and clonal propagation did not occur.The
size of day-care centers may play a major role in determining
the risk of transmission and, in our study, the upper limit for
preventing transmission seemed to be about 20 children.This
structural aspect of the day-care center may interact with
other documented risk factors for the transmission of resistant
strains, such as the age of the children attending the center, the
hygiene procedures used, the ratio of children to sta¡, and
antibiotic pressure [43,44]. The structural aspects of day-care
centers require further evaluation to facilitate the implementa-
tion of global strategies for controlling the resistance of bac-
teria to antimicrobial agents over the next10 years.
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